Aim: To report a case of "end-stage" constrictive pericarditis with clinical manifestations such as ascites mimicking as cirrhosis of liver. Introduction: In "End-stage" constrictive pericarditis, the etiology remains unknown in majority of cases and inflammation plays a central role in its development. It has been readily confused with cirrhosis of liver in which there may be ascites, but venous pressure is normal, the neck veins are not engorged and cardiac enlargement is frequent in other causes of heart failure. Case Report: A 67 years old male presented with sudden onset of tachycardia. Clinical examination revealed right-sided heart failure, "Egg-shell" calcification in Chest X-ray and echocardiographic features of pericardial constriction such as septal bounce and dynamic respiratory changes in mitral inflow velocity. The patient was advised medical measures. Conclusion: When clinical signs of right heart failure become unresponsive to increased doses of diuretics, constrictive pericarditis is more likely the underlying disease since severe, right-sided failure develops in very advanced, the "end-stage" of the disease.
Introduction
The normal pericardium is a fibroelastic sac enveloping the heart and consists of two layers. The visceral pericardium (serous pericardium) is a single layer of mesothelial cells contiguous with epicardium and a tough, fibrous layer as a parietal pericardium. When the pericardium limits the heart's ability to function normally either due to accumulation of fluid (pericardial effusion) or scarred
Case Report
A 67 years old male was admitted with sudden onset of palpitations in the emergency room. ECG revealed tachycardia with a heart rate of 150 bpm as in Figure 1 and blood pressure 110/70 mmHg. Blood chemistry revealed normal. Physical examination showed an engorged neck vein as in Figure 2 which fails to decrease with inspiration (Kussmaul's sign) with a deep Y descent (Freidreich's sign) reflecting the predominant ventricular filling during early diastole, ascites and pedal edema as shown in Figure 3 suggesting a right-sided heart failure. Auscultation revealed pericardial knock, an early diastolic sound occurs due to cessation in diastolic filling and retraction of apical impulse in systole. X-ray chest revealed "egg-shell' calcification as shown in Figure 4 . Transthoracic echocardiography revealed the features of constrictive pericarditis as in . Since the patient was in "end-stage" disease, he was given conservative medical measures such as diuretics, antibiotics, anti-inflammatory drugs and the rhythm was controlled with calcium channel antagonist, verapamil 40 mg three times daily as shown in Figure 11 and Figure 12 . 
Discussion
Review of literature In 1669, Lower described the clinical effects of interference of cardiac diastole by a constricting fibrous pericardium. In 1756, Morgagni contributed to the understanding of pathophysiology of constrictive pericarditis. In 1828, Lancisi described the characteristic syndrome of constrictive pericarditis and in 1842 [2] , Chevers was the first to present clearly the clinical picture of chronic constrictive pericarditis. In 1870, Wilks [3] further emphasized this syndrome. In 1896, Pick described the postmortem evidence of adhesive pericarditis and an atypical fibrosis (pseudocirrhosis) of the liver and its capsule in patients with constrictive pericarditis. The thickened peritoneum over the liver is do not to the engorgement of liver itself in so-called Pick's disease, but rather to the occurrence of acute peritonitis at the time of acute pericarditis followed by residual fibrosis.
Concato described the effusion in serous cavities (polyserositis) in patients with constrictive pericarditis is due to the result of cardiac compression and inflammation of serous membranes is absent or occur secondarily. Etiopathogenesis Constrictive pericarditis is most commonly caused by conditions or events that cause inflammation to develop around the heart. Inflammatory process of the pericardium typically causes pain and fluid accumulation and more chronically results in fibrosis and calcification of pericardium with pericardial constriction, the process that inhibit diastolic filling of the heart. The most common antecedents are idiopathic and tuberculosis. The tuberculosis accounted for 49% of cases of constrictive pericarditis in a series reported in 1962 [4] and it was found to be the most common cause in third-world countries such as India [5] [6] . Viral pericarditis is more common in the west and in Europe and North, it is often a sequelae of cardiac surgery and mediastinal irradiation.
Constrictive pericarditis can occur after many pericardial disease processes. All causes of pericarditis can lead to subsequent constriction [7] and in acute pericarditis, only 9% of cases may go for constriction. Rheumatic fever, although frequently accompanied by pancarditis, does not result in chronic constrictive pericarditis and may have pericardial adhesion which are not maximally constricting. The pericarditis associated with uremia and myocardial infarction is not of the constricting type and most cases of effusive-constrictive pericarditis are often idiopathic, can occur in malignancy of breast and lung, tuberculosis, endomyocardial fibrosis and hypothyroidism (cholesterol pericarditis or "gold paint" pericarditis).
The causes of constrictive pericarditis are shown in Table 1 .
Hemodynamic changes
The normal pericardium can stretch to accommodate the physiological changes in cardiac volume. In constrictive pericarditis, the visceral and parietal pericar- Table 1 . Showing the causes of constrictive pericarditis.
Most common Less common
Idiopathic-42% to 49% [8] Other infections
Mediastinal irradiation (5 -10 years duration)
Neoplasms-5% -17% (lung-33%, breast-25%, adenocarcinoma of intestine [9] )
Following Cardiac surgery-11% to 37% (post-pericardiectomy-10% to 40%, previous cardiac surgery-0.3%) [10] dium are fibrosed and fused together [11] , although not necessarily always thickened [12] , prevent the heart from expansion and resulting in minimal ability to adapt to volume changes and significant dynamic respiratory variation in blood flow in the chambers of the heart attributed to isolation of the cardiac chambers from intrathoracic respiratory pressure changes, i.e., dissociation between intrathoracic and intracardiac pressures with enhanced ventricular interaction as reported by Hatle et al. in 1989 [13] .
In the heart with a normal pericardium, inspiration causes a decrease in intrathoracic pressure, which is reflected in the cardiac chambers as decrease in intracardiac pressures simultaneously and there is no change in the driving pressure from the lungs across the pulmonary veins into the left atrium and across the mitral valve into the left ventricle. There is some increase in the filling of the right ventricle because of enhanced venous return, but filling of the left ventricle is unaffected throughout the cardiac cycle. In patients with constrictive pericarditis, the rigid pericardium does not allow the decrease in intrathoracic pressure to be transmitted to the left -sided chambers and there is a lower driving force from the lungs into the left side of the heart and the left ventricle becomes underfilled with a reciprocal increase in the filling of right ventricle and therefore a septal shift occurs [14] . Conversely, during expiration, there is decreased filling of the right ventricle and increased filling of the left ventricle. As both ventricles are sharing the same limited space, the chamber size and function of one ventricle affect the other ventricle and this interaction is known as "ventricular interdependence" since the amount of blood flow into one ventricle is dependent on the amount of blood flow into the other ventricle and it is enhanced in constrictive pericarditis with a discordance in right and left heart fillings.
Once the ventricular diastolic filling reaches the limitations of the pericardial restraint, the pressure and volume in the cavity rise, filling ceases, and congestion occurs [15] . If the right heart chambers are predominantly constricted, there is naturally an engorgement of neck veins as shown in Figure 2 , which is constantly engorged in 86% of patients with constrictive pericarditis. The decreased compliance of right ventricle causes a rise in right atrial pressure that is greater than the fall in pleural pressure, ultimately leading to distended neck veins during inspiration [16] , called as "Kussmaul's sign", which may be seen in right ventricular failure, right ventricular infarction, tricuspid stenosis and restrictive cardiomyopathy. It is nonspecific for constrictive pericarditis and reflects an elevation of Jugular venous pressure (JVP) on inspiration rather than the expected decrease in JVP. When the right heart fails because of constriction of left heart chambers, it may simulate the effect of tricuspid valve disease. With more severe constriction, the peripheral edema and ascites occur. In constrictive pericarditis, the ascites occurs early, disproportionately prominent as well as recurrent and appropriately called as "ascites praecox", followed by minimal edema as a manifestation of later part (end-stage) of the disease and it is usually confined to lower extremities and sacrum whereas in congestive heart failure, the edema appears first and ascites much later.
In isolated constrictive pericarditis, the myocardium is unaffected and therefore the systolic function and early diastolic filling are normal. In the mixed form (constrictive-restrictive-mainly due to radiation-induced, post cardiac surgery), atrophy of myocardial cells and fibrosis may develop during long-term compression by the pericardium. Both the irritation of heart by the actual process involving the myocardium and the constricting effect of left heart chambers on the right ventricle and right atrium result in atrial arrhythmias such as atrial fibrillation as shown in Figure 11 and less commonly atrial flutter as complications in chronic constrictive pericarditis. With diminution in the output of heart, the blood pressure, especially the pulse pressure tends to be low and the blood pressure decreasing even to the point of disappearance during inspiration, manifested as absence of pulse, an important sign called as "paradoxical pulse" in some of the more advanced cases. The venous pressure, on the other hand, is very much elevated and frequently exceeding 200 mm of H 2 O, even exceeding 300 mm of H 2 O. The salient features of end-stage constrictive pericarditis are shown in Table 2 . Table 2 . Showing the salient features of "end-stage" constrictive pericarditis) [17] . 
Radiological
The plain radiograph is frequently abnormal in patients with hemodynamically significant constrictive pericarditis [18] . A typical X-ray chest of a patient with constrictive pericarditis shows a normal sized heart (47%) or only mildly enlarged (16%) and moderate to marked enlargement (37%) in effusive-constrictive pericarditis [19] . Cardiac contour abnormalities, particularly the flattening of right cardiac border is a characteristic feature of constrictive pericarditis, but infrequently present. The left atrium, which is covered only partly by the pericardium may be enlarged.
Calcification of pericardium on chest X-ray strongly suggests constrictive pericarditis in patients with features of heart failure ( especially right heart failure) and it is more obvious in regions where the normal fat is found, namely in atrioventricular and interventricular grooves. A localized form of constriction in the mid ventricular segments as a result of localized severe calcification resembl-ing a "napkin" ring shape is termed as "napkin-ring" constrictive pericarditis [20] . Once calcification has developed, it represents chronic pericarditis and roughly visible on plain films in 50% of cases [21] [22] which, if present excludes restrictive cardiomyopathy with an overall incidence of 5% to 27% [23] , but it may be as high as 44% in patients with tuberculous pericarditis [24] . Two classic patterns of pericardial calcification have been found.
1) The calcium can be thin and linear, and appears as "egg-shell calcification" around the margins of the heart (tortoise shell like) as shown in Figure 4 .
2) The calcification also can appear as thick, shaggy, amorphous and historically believed to be specific for tuberculous pericarditis.
Occasionally, extensive calcification involving the interventricular septum [25] may occur in constrictive pericarditis which indicates an associated disease such as endomyocardial fibrosis as shown in Figure 13 . Patients with pericardial calcification are more likely to be idiopathic in origin with features of pericardial knock, atrial arrhythmias as in this patient and have high perioperative mortality.
Thickening of pericardium occurs heterogeneously with some areas thicker than other (thinnest over the left ventricle (0.7 -1.2 mm). A thickened pericardium (>4 mm) on its own does not indicate constrictive pericarditis [26] . In 20% of cases of constrictive pericarditis, imaging methods show a pericardium of normal thickness and in such cases, the constrictive process may be caused by epicardial rather than pericardial constriction [27] . Tuberculous constrictive peri- carditis is almost always associated with pericardial thickening and mostly, the pericardial thickening is >3 mm by the time the patient becomes symptomatic and >6 mm when the patient is clinically in heart failure.
Two-dimensional Echocardiography The thickened, constricting pericardium affects the posterior left ventricle (pericardial thickness is 8 mm) more than the posterior left atrium, which then expands at a more acute angle respected to the LV wall [28] as shown in Figure  5 . IVS bounce (septal shudder or shivering septum) is the most consistent sign of CP as shown in Figure 6 with a sensitivity of 62% and specificity of 93% [29] . It is an abnormal ventricular coupling manifest by pronounced septal displacement during deep inspiration as a "paradoxical bouncing motion" of IVS initially directed towards and then away from the LV during early diastole. The inferior vena cava is plethoric (dilated without any respiratory variation in its diameter) in constrictive pericarditis as shown in Figure 10 as a manifestation of elevated venous pressures, but right ventricle may show normal contour with tubular morphology (tubularization).
M-mode findings In constrictive pericarditis, the LV posterior wall rapidly expands posteriorly during early diastole, followed by abrupt cessation of such movement during mid and late diastole, which corresponds to abrupt termination of rapid ventricular filling [30] [31] and this lack of motion, termed "flattening" can be best observed with M-mode echocardiography [32] [33] as in Figure 7 [34] and the septum is "sigmoid-shaped" with a bulging towards left ventricle with a septal notch and distal straightening as in Figure 6 .
Doppler Echocardiography Doppler echocardiographic findings include: 1) Prominent, usually >25% increase in initial E velocity during expiration and decrease during inspiration as shown in Figure 8 , the E wave is greater than A wave in both phases of respiration.
Patients with restrictive cardiomyopathy (an infiltrative process that leads to myocardial stiffening) may not show any respiratory variation in mitral inflow velocity as in Figure 14 (restrictive physiology).
Atrial fibrillation may complicate the interpretation of respiratory variation of Doppler velocities, but respiratory variation can still be appreciated regardless of cardiac cycle length.
2) The Figure 9 shows the prominant expiratory diastolic flow reversal in IVC (inferior vena cava) in constrictive pericarditis whereas in restrictive cardiomyopathy, it is more prominent during inspiration.
Cardiac catheterization Cardiac catheterization can yield classic findings of constrictive pericarditis, but these findings are also present in restrictive cardiomyopathy which include an increase and equalization of end-diastolic pressures in all four cardiac chambers, a "dip (or drop) and plateau" pattern (square root sign) in the ventricular pressure curves as demonstrated by Hansen, et al. [35] . If the pressures are ap- proximately equal on both sides in simultaneous recordings, a fluid bolus should theoretically increase LVEDP above RVEDP in restrictive cardiomyopathy [36] . Normally, the systolic pressure in the right ventricle and pulmonary artery does not exceed 25 mmHg and if there is predominant constriction of left heart chambers, pulmonary pressure may be twice or thrice the normal. Tachycardia, which abbreviates diastasis, may abolish the plateau in mid and late diastole, but "dip" persists in ventricular pressure tracing of constrictive pericarditis and there is such overlap that these criterias are difficult to apply in an individual case [37] [38] . Management The treatment of chronic constrictive pericarditis is very much discouraging, but both medical and surgical treatments have been improved greatly.
Medical therapy The constriction may be transient or reversible. In these conditions, the constriction is due to inflammation (acute inflammatory pericarditis) and non-steroidal anti-inflammatory drugs (NSAIDs) are the most frequent treatment. Follow-up studies showing resolution within 2 months to 2 years (usually responding in an average of 8 weeks) and typically effective in idiopathic cases.
In chronic constrictive pericarditis, the efforts are made to keep the systemic congestion under control. Loop diuretics (torsemide if bowel edema is suspected or intravenous furosemide), thiazides and aldosterone antagonists (especially if ascites is present) may be helpful. However, the overzealous use of diuretics is not recommended and may lead to sudden death [39] . Signs of cardiac compression may disappear with suitable antituberculous drugs as in cases of tubercul-ous etiology and the use of adjunctive corticosteroids remain controversial since the published trials showed a reduction in mortality and no significant decrease in pericardial fluid reaccumulation or progression to constriction [40] [41] . Patients with tachycardia due to auricular flutter or auricular fibrillation may become better with the control of heart rate by digitalis [42] or it may prove of limited value [43] and ineffective in heart failure of constrictive pericarditis.
Surgical therapy
The surgical treatment of chronic constrictive pericarditis was first recommended by Delorme in 1898 and some years later, the first pericardiectomy for Pericardial resection (or pericardial stripping) is a surgical procedure where the entire pericardium is pealed away from the heart, is a delicate time-consuming procedure, somewhat hazardous and it is different from Brauer's operation (freeing the heart from thoracic cage). It was the custom to approach the heart anteriorly and to free the right heart chambers and if the whole heart is affected or elevated pulmonary pressure, it would be wise to decorticate the left heart chambers posteriorly first. In patients with heavy calcification penetrating the myocardium, the pericardium could be resected in patches and some islands of epicardium and pericardium were left intact with multiple turtle shell incisions.
It is difficult to predict preoperatively which patients are likely to respond to total pericardiectomy. Therefore, recommendations of surgery should be done cautiously in patients with mild, very advanced disease, mixed constrictive-restrictive disease, myocardial dysfunction, significant renal dysfunction and radiation induced constriction since the prognosis after pericardiectomy was reported to be poor in these disorders [44] Amniotic membrane patches (amniotic stem cell therapy)
Current treatment focused on targeting inflammation cental to this disease process and has shown overall positive outcomes [49] . Amniotic stem cell therapy consisting of either stem cells with extracellular matrix or extracellular matrix alone in the form of human amniotic membrane allograft, an emerging anti-inflammatory and antifibrotic treatment [50] [51], applied intraoperatively [52] prior to closure.
Outcome
The prognosis varies after pericardiectomy according to the etiology of constrictive pericarditis [53] . Idiopathic and tuberculous patients showed good prognosis at 5 years after pericardiectomy [54] .
Preoperative clinical status such as older age, pulmonary hypertension with concomitant myocardial dysfunction, multi-organ failure, atrial fibrillation and high mitral inflow E velocity in Doppler study [55] are related to poor prognosis and 16% of cases may not show any postoperative improvement. "Low-output syndrome" during early postoperative period occurs [56] in patients with long standing symptomatic pericardial constriction due to remodeling of ventricles and weakening of myocardium and it may gradually improves in most of the patients [57] .
Case analysis This case was presented with sudden onset of tachycardia with features of right heart failure. Imaging studies showed an "egg-shell" calcification of pericardium, dynamic respiratory changes of mitral inflow velocity and a plethoric inferior vena cava suggesting a constrictive physiology. High venous pressure as "engorged neck vein", atrial fibrillation, ascites and pedal edema is the manifestations of this "end-stage" disease.
Conclusion
Cardiac catheterization is no longer performed to diagnose constrictive pericarditis [58] . Two-dimensional echocardiography and Doppler echocardiography may provide additional diagnostic information and confirm the presence of constrictive physiology. Medical therapy may be used as a palliative measure to control symptoms and to optimize hemodynamics in this "end-stage" disease, who are not candidates for surgery [59] .
